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salt of the group, that of the radicle base ammonium, to the rubidium salt, 
in regard to molecular volume and the constants involving it — the topic axial 
(molecular distance) ratios and the molecular refraction — again indicates the 
closeness to isostructure of the crystals of the ammonium and rubidium 
saius. 

The further progress made since the author's last memoir (on the cobalt 
group he. cit.), on the structure of the atom, and the further elucidation of 
the real meaning of Moseley's law which has followed therefrom, have but 
further confirmed and explained the fact that the author's results are the 
natural consequence of that law, and of the progressive, constructive 
complexity of the atoms of the elements which by their interchange give 
rise to the isomorphous series. 

The author's next communication - will include the description of the 
manganese and cadmium groups of double selenates, and will form the 
concluding memoir of this long series of investigations, which will have 
included 75 salts, and it will mark the completion of the extensive research 
which the author proposed to himself and commenced in the year 1890. 
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Elements. 
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(Eeceived June 18, 1920.) 
[Plate 1.] 

I. Introduction. 

The rapid progress in recent years in the investigation of arcing voltages 
and resonance potentials in metallic vapours and in their relation to 
certain spectral series, which for many elements lie in the extreme ultra- 
violet region of the spectrum, makes it of great importance to obtain as 
extensive and as accurate as possible a knowledge of the ultra-violet spectra 
of the elements. A stimulus has been given. to this work by the recent 
research of Foote, Boguley, and Mohler,* on the ionisation potential of 
thallium vapour, and by that of Mohler, Foote, and Stinson,f on the 
ionisation potential of lead vapour. The series indicated by their values lie 

* Foote, Eoguley, and Mohler, 'Phys. Kev.,' vol. 13, January (1919). 
t Mohler, Foote, and Stinson, * Phys. Kev.,' vol. 14, December (1919). 
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almost entirely in the Schumann region, which can be studied only with the 

fluorite spectrograph or the vacuum grating spectrograph. 

The present work is a continuation of that already carried out by 

McLennan, Ainslie, and Fuller,* on the vacuum arc spectra of various metals, 

and includes a study of the vacuum arc spectra of antimony, bismuth, 

calcium, magnesium, selenium, copper, and silver, and the spark in helium 

spectra of aluminium, antimony, bismuth, cadmium, calcium, lead, magnesium, 

thallium, and tin. The study of these spectra has been successful in that 

certain additions to our knowledge of the spectra of these elements has been 

made in every case. 

II. Apparatus, 

The spark spectra, and all but one arc spectrum, were taken on the 
fluorite spectrograph described by McLennan, Ainslie, and Fuller. f 

The experimental details were the same as they employed. In all cases 
the instrument was washed with hydrogen before commencing an exposure, 
in order to insure a good vacuum and to remove the last traces of air. It was 
comparatively easy to obtain the hard X-ray vacuum, as indicated by the 
green fluorescence of a Geissler discharge tube attached to the spectrograph, 
using only the oil-sealed mechanical Trimount pumps. 

The arc chamber or " lamp " is shown in fig. 1, and was found to be 
uniformly regular in operation. It consisted essentially of a cylindrical 
brass vessel enclosed in a larger brass one, so that a water cooling system 
could be used with the more intense arcs. From the bottom and the side 
projected two arms through which the electrodes passed, the apertures being 
made air-tight by means of oil seals and stuffing-boxes. In this way the 
electrodes could be advanced or withdrawn without impairing the vacuum. 
The leads to the electrodes were insulated from the case by porcelain 
bushings at the electrode end, and ebonite at the exterior end. The arc 
was, through all the experiments, entirely controlled by hand. 

The light for the spectrograph was taken out of the side of the arcing 
chamber at right angles to the plane containing the electrodes, and a window 
on the opposite side provided for observation of the arc. 

"With substances having a high melting point, such as copper, calcium, and 
silver, the metal in rod form was attached directly to the leads. The metals 
of lower melting point were placed in hollow steel electrodes, and the arc 
chamber rotated through 45°, so that the melted metal would not run out. 
It was found that the steel did not enter into the arc. The connection between 
the arcing chamber and the spectroscope was made by a conical brass sleeve 

* McLennan, Ainslie, and Fuller, ' Boy. Soe. Proc./ A, vol. 95 (1919). 

t Ibid. 
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the actual joint being made air-tight with a covering of thick-walled pure 
gum rubber tubing. This w r as found to give the desired flexibility at this 
union. 

JL 




Fig. L 



Fig. 2. 



In studying spark spectra it was decided, since a supply of helium was 
available, to use that gas as the atmosphere surrounding the spark. Its 
transparency to ultra-violet light is well known as a result of Lyman's 
work,* and the fact that its spectrum in the region A, 2300 A.U. to 
X 1400 A..IT. is extremely meagre, made it especially suitable for such work. 
The spark chamber used is shown in fig. 2. It consisted essentially of a glass 
bulb with two side tubes and a well-ground glass tap. Two steel electrodes, 
having at their tips the metal to be studied, were inserted into the spark 
chamber through rubber stoppers, which were firmly fitted into the side 
tubes. A conical brass fitting, closed with a fluorite window, was waxed on 
to the large side tube. It was found that this arrangement provided- an air- 
tight chamber and yet allowed ready adjustment of the electrodes when they 
become too widely separated. The distance between the spark gap and the 
fluorite window was about 8 cm. 

To fill the bulb with helium it was connected in series with two cocoanut 
charcoal tubes to the Trimount pumps. The whole was thoroughly evacuated, 
the charcoal tubes being heated during the pumping, before the liquid air 
was applied to them. In this way an extremely hard vacuum was obtainable 
in the bulb. The helium was then permitted to enter through the two 

* Lyman, ' Spectroscopy of the Extreme Ultra-violet.' 
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cocoanut charcoal tubes in liquid air until atmospheric pressure was reached. 
The tap was then turned off and the apparatus was ready for use. As the 
helium available had already been purified to approximately 98 per cent, 
purity, it is thought that the gas admitted to the bulb must have been of 
very high purity. 

As it was found that a Clapp-Eastham transformer generating 10,000 volts 
was insufficient to give more than a weak spark, other arrangements had to be 
devised. A quite satisfactory method was to join the terminals of a 20-inch 
induction coil to a spark gap in air and to the inside coatings' of two Leyden 
jars. The outside coatings of these jars were joined to the electrodes of the 
spark chamber. In this way a heavy discharge could be obtained when the 
spark in air was l-|-2 inches between spheres of 1 J cm. in diameter. 

III. Method of Determining Wave-lengths. 

In calculating the wave-lengths of the lines of the spectra, the method of 
hyperbolic interpolation by means of a Hartmann dispersion formula was 
used. The standard lines employed were obtained from Eder and Valenta's 
Atlas, Lyman's measurement of the aluminium spark, and the measurement 
of the arc spectra of carbon, tin and lead as found by McLennan, Ainslie, 
and Fuller. Schumann plates, prepared by the Adam Hilger Co., were used 
throughout in recording the spectra. The plates were measured with a 
Toepler comparator, and the average of results from several plates was used 



Calibration Wave-Lengths. 



Source. 


Wave-length. A. IT. 


Observer. 


Pb 


2203 '68 


E. and V.* 


Cd 


2144 -44 


j> 


Al 


1989 '9 


L.f 


Al 


1930 '5 


?> 


C 


1930 '5 


McL., A. and F.J 


Sn 


1899 '8 


5) 


Al 


1854-7 


L, 


Al 


1761 -9 


)? 


Al 


1670 *6 


)> 


C 


1656 *9 


MeL., A. and IT. 


Al 


1611 '8 


L. 


Al 


1605 -6 


j> 


Pb 


1555 -8 


MeL., A. and F. 


Sn 


1475 *2 


j? 





1464 *5 


3) 


Pb 


1434 -0 


)> 



* Eder and Valenta, e Atlas Typiseher Spectren.' 

f Lyman, * The Spectroscopy of the Extreme Ultra-violet.' 

X McLennan, Ainslie and Fuller, ' Eoy. Soc. Proc.,' A, vol. 95 (1919). 
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in each case in the final calculation. The three lines used as the basis of the 
dispersion formula were chosen each time to suit the range of spectrum to be 
calculated. 

In view of the comparatively small dispersion of the spectrograph, and the 
combined error of the standard lines and the dispersion formula, a greater 
accuracy than 0*5 A.U. cannot be claimed for all the measurements, though 
in the region of shorter wave-lengths where the dispersion is greater the 
error is possibly as small as 0*3 A.U. 

IV. Results. 

1. Antimony. — The most recent work on the antimony arc is that of 
Takamine and Nitta,* who measured its spectrum as far as X 1858*0 A.IT. 
in both arc and spark. The spectrum has been extended to about 
X 1450 A.U. In the experiments a fairly steady arc, in vacuo, was 
obtained by putting chemically pure antimony in steel electrodes, and using 
a current of from 5-6 amperes at 110 volts. As shown in Table I, the 
spectrum contained several fairly strong lines in the region below 
X 1850 Jl.U. and extended well down to X 1400 A.U. For convenience in 
reference the antimony spark spectrum is included in the same Table as the 
results obtained by Takamine and Nitta and Bloch.f It will be noted that 
in the region covered by other observers the agreement is fairly good, though 
all their lines have not been recorded, and for this reason have been omitted 
from the Table. 

2. Bismuth. — The bismuth arc was obtained by using chemically pure 
bismuth metal in steel electrodes, a bright intermittent arc being struck with 
from 5-10 amperes at 200 volts. In Table II are given the results of the 
bismuth arc and spark spectra, together with the measurements of the 
bismuth spark, by MM. L. et E. Bloch. J Although in the present work many 
of their lines are missing, the agreement of those obtained is quite good. 

o 

The spectrum has been extended to about X 1435 A.U. 

3. Calcium. — For the calcium arc rod electrodes cut from larger pieces 
were used, thus obviating the necessity for the steel cups. "With a current 
of from 10-15 amperes at 200 volts a very brilliant and steady arc was 
easily produced. It was found that the calcium metal was not rapidly used 
up in the arc, and repeated exposures could be taken without replacing the 
electrodes. For purposes of comparison, included in Table III are the values 

* Takamine and Nitta, 'Memoirs of the College of Science,' Kyoto Imperial 
University, vol. 2, No. 2 (1917). 

t Bloch, 'Journal de Physique/ 4, August-September, 1914. 
% MM. L. et E. Bloch, 'C. K.,' No. 6, vol. 170, 1920. 

VOL. XCVIII. — A. I 
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Table I.— Antimony. 





Authors. 




Takamine and Nitta. 


Bloch. 


Arc A.U. 


Int. 


a 

Spark A.U. 


Int. 


o 

Arc A.U. 


j o 

I Spark A.U. 
I 


Spark A.U. 


1931 -0 


5 


1930 '8 


2 


1931-1 


1931 -1 


1930 -83 


1926 -6 


5 


1926 -6 


1 


1926 '6 


1926 -6 


1926 -61 


— 


— 


1922 -6 


4 


— , 


1922 -6 


1922 -68 


1899 -2 


3 


— . 


— 


1899 "7 


1899 -7 


— 


1890 -5 


3 


1891 "0 


2 


1891 -3 


1891 -3 


— 


1882 -1 


4 


1882-5 


2 


— 


1882 -6 


— 


5 

j 


— 


1878 -1 


2 


— 


1878 -1 


1877 -91 


] 1870 -7 


10 


1870 -8 


10 


1870 *4 


1870 -4 


1870 -58 


I 1867 '8 


8 


1839 -1 


4 


1867 '3 


1867 -3 




\ 1829 -4 


5 


— 


— 








;! 1814 *2 


6 


1814 -3 


2 








1 1810 -2 


5 


1810 -1 


2 








1799 -9 


5 


1800 -0 


2 








1788 -0 


2 


1788-1 


1 








1780 -6 


4 


1780 -5 


2 








1762 -6 


10 


1762 -3 


10 








1735 -9 


5 


— . 












— 


1730 -7 


7 










— 


1725 -3 


7 








> 


— 


1717 -1 


2 










— 


1712 -0 


9 








1702 3 


4 


— 


. — 








1699 -0 


4 


— 


— , 








— 


— 


1678-1 
1674 -2 
1667 '2 


2 
7 
3 








1640 -8 


3 


1635 -0 


2 








1631 -5 


2 


— . 


— 








1613 -9 


1 


_— 


_ — 








1607 -5 


4 


1607 -7 


1 








1600 -6 


4 


1601 -0 


8 








1585 -2 


5 


1585 -4 


8 








1574 -9 


2 


— 


— 








1566-1 


4 


1566 -3 


8 








1554 -6 


2 


1554 -7 


2 








1540 -7 


2 


1540 -7 


2 








1535 -8 


2 


— 


— 








1533 -5 


4 


— . 


— 








1514-1 


7 


1514 -1 
1506 *4 


4 
3 








1504 -9 


6 


1504 -8 


2 








1499 -2 


i 


1500 -3 


3 








1495 -6 


4 












1493 -3 


4 












1438 -7 


4 












1437 -0 


l-r 
i 






• 







found by Saunders* in the arc and spark, and also those of Eder and 
Valenta.f The strong doublet has been found to exist in the arc at 



* Saunders, < Astrophys. Jl.,' vol. 33, No. 3, 1916. 
+ Eder and Yalenta, loc. cit. 
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Table II. — Bismuth. 





Authors. 






Bloch. 


o 

Arc A.U. 


Int. 


Spark A.U. 


Int. 


Spark A.TJ. 


1902 -6 


10 


1902-6 


10 


__ 


1823 3 


5 


1823 -6 


8 


1823 -5 


— . 


_* 


— . 


— «. 


1811 -1 


— 


— 


— 


— 


1796 *2 


1791 -5 


7 


1791 -5 


7 


1791 '8 


1787 *1 


4 


1787 '3 


7 


1787 -0 


1776 *7 


5 


1776 *7 


7 


1776 -7 
1757 -9 


*— 


— — 


— 


— — 


1749 -7 
1682 -2 


— . 


— 


— 


•__ 


1671 -0 


1611 -7 


2 


1611 -5 


2 


1611 '4 


— — 


— 


1609 -9 


2 


1609 -6 


— 


— 


1606 -6 


1 


1606 '3 


__ 


— « 


1601 '6 


2 


1601 '4 


1592 -1 


2 


1592 -0 


2 


1591 '7 


— — 


— 


1574 -1 


1 


1573 *9 


— 


— . 


1564 -1 


1 


1564 -0 


— . 


— 


— 


__ 


1553 -3 


1538 -7 


2 


1538 -3 


1 


1538 -5 


— _ 


— 


1537 -0 


1 


1537 *3 


1533 -7 


6 


1533 -7 


3 


1533 -7 


1521 '3 


1 


— 


— , 


1521 -2 


— 


— 


— 


— 


1503 '5 


1497 *6 


2 








1462 '5 


1 








1455-4 


5 








1436 '8 


4 









X 1555*1 JLU. and X 1553*5 A.U. It will be noted that there is a marked 
similarity between the arc and spark spectra of this element. 

Attempts were made to photograph the strontium and barium arc spectra 
by using the fused chloride in carbon electrodes, but with little success. 
The last lines recorded in strontium was the doublet X 2165*99 A.U. and 
X 2152-91 A.U., and in barium the doublet X2335*27 A.U. and 
X 2304*36 A.U. 

4. Magnesium, — Owing to the noticeable difference between the values 
obtained for the magnesium in hydrogen by Lyman,* and for the spark in air 
by Handke,f it seemed of some importance to remeasure the spectrum of 
this element as given by the arc in vacuo and by the spark in helium. The 
results are in close agreement with those of Lyman, with the exception that 
the line X 1828*1 A.U. is recorded only in the arc spectrum and not in the 
spark at all. Handke does not record this line in the spark, but his other 



* Lyman, loc. cit. 
t Handke, loc. cit. 
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Table III.— Calcium. 













•t 




Authors. 




Saunders. 


Eder and Yalenta. 


Arc A.U. 


Int. 


o 

Spark A.U. 


Int. 


Arc A.U. 


o 

Spark A.U. 










2211 -86 




2209 -0 


6 


2209 -0 


8 


— 


2208*95 


2198 -0 


5 


2198 -0 


6 


2187-66 


2198 *03 


— 


— 


2176 -4 


1 


2179 *44 


— — 


— — 


— 


2152 -9 


1 


2167 '57 


~~r~. 


2132 -0 


1 


2132 -0 


1 


2132 '51 





2113 -9 


8 


2113-9 


10 


— . 


2113 -01 


2103 -6 


7 


• 2103 -6 


8 


— 


2103 -47 


— 


— 


— 


— 


2088 -14 




— 


, — 


— 


— 


2083 -38 
2073 -26 




2070 -4 


2 


— 




2065 *42 




1851 '2 


1 


— 




— 




1840*4 


10 


1840 -4 


10 


1840 -26 




1838 -2 


10 


1838-2 


10 


1838 '13 




1815 -0 


- 4 


1815*0 


4 






1807 *5 


4 


1807 *5 


4 






— 


— 


1742 -8 


4 






1680*5 


2 










1555 -1 


4 


1555 -1 


o 






1553 -5 


4 


1553 -5 


3 







values have not been confirmed. That the magnesium spectrum does contain 
a line at this wave-length has been amply established by the work of several 
observers of the arc spectrum. In our work the arc spectrum has been 
extended slightly. The results with comparison values are given in 
Table IV. 

Table IV. — Magnesium. 



Authors. 


Lyman. 


o 

Arc A.U. 


Int. 


o 

Spark A.U, 


Int. 


o 

Spark A.U. 


2026 *5 
1828 -1 
1753 *6 
1750 *7 


10 
5 
2 
1 


2026 -5 

1753 -6 
1750-7 


10 

5 

4 


1828 -1 
1753 '6 
1750 -9 


1747*8 
1743 -0 
1737 *5 
1734 *3 


2 
1 
3 

2 


1737 '7 
1735 -0 


6 
5 


1737 *8 
1735 -0 


1730 -2 
1706 *8 


1 

1 
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5. Selenium. — The spectrum of selenium does not appear to have been 
studied hitherto in this region at all. The experimental details were quite 
simple. Powdered selenium metal was placed in hollow carbon electrodes in 
the arc chamber. When the arc was struck between the carbons the 
selenium boiled up through it and its spectrum was emitted. The carbon 
lines were eliminated by comparison photographs of the carbon arc alone. 
The?spectrum was quite rich in lines well spread throughout the range of the 
spectrograph. The results are given in the following Table : — 



Table V.— Selenium. 



Authors. 


Authors. 


Authors. 




Arc A.U. 


Int. 




Arc A.U. 


Int. 




Arc A.U. 


Int. 


2296-9 
2164 -3 
2139 -0 
2074-8 
2063-1 
2040-0 
1994 -7 
1959 -7 
1918-5 
1913 -0 
1897 -7 
1857 *9 


5 

6 
1 
8 
7 
8 
1 
4 
2 
2 
3 
4 


1854-4- 
1759 -8 
1751 -2 
1690 -4 
1674 -9 
1670*8 
1626-2 
1622 -5 
1621 -3 
1617*3 
1610 -8 
1606 *6 


5 
2 

1 
3 
3 

4 
1 
1 
2 
1 
1 
2 


1593 3 
1587-7 
1580 -2 
1532-3 
1530 *9 
1501 -9 
1457 *5 
1448 -1 
1446*1 
1436-8 
1432 *8 


1 
1 
2 
1 
1 
1 
1 
2 
1 
3 
1 



6. Silver. — The vacuum arc was obtained by using electrodes of J-inch pure 
silver rod. With a current of from 15-20 amperes at 200 volts a very 
steady and bright white arc could be maintained. The results are given in 
Table VI along with the corresponding values of the silver spark as recorded 
by MM. L. et E. Bloch* and Handke.f Apparently the spark spectrum is 
very much richer in lines than the arc spectrum. 

7. Copper.— -The copper vacuum arc spectrum has already been studied as 
far as X1400 JLU. by McLennan, Ainslie, and Fuller,! but an extension of 
the work was attempted using the vacuum grating spectrograph developed by 
McLennan and Lang.§ The experimental arrangements were the same as 
employed by them. Pure copper rods, |-ineh in diameter, were used as 
electrodes in the arc "lamp/ 1 and with a current of about 15 amperes at 



* MM. L. et E. Bloch, loc. cit. 

t Handke, * Inaug. Diss./ Berlin, August, 1909. 

% McLennan, Ainslie, and Fuller, loc. cit. 

§ McLennan and Lang, ' Roy. Soc. Proc.,' A, vol. 95, 1919. 
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Table VI— Silver. 



Authors, 




Bloch. 


Handke. 


Arc A.U. 


Int. 


Spark A.U. 


Spark A.U. 


1888 -7 


2 


XOoO *o^ 


1888 *1 


1879 '3 


2 


1879 '60 


1879 -0 


1872-8 


4 


1872 '66 


1872 '5 


1866 *9 


4 


1866 '36 


1867 -1 


1859 -1 


2 


1859 -88 


1859 -4 


1855 *7 


1 


1855 -61 


1855 *3 


1838 -9 


3 


1839 '2 


1839 -5 


1828 -3 


4 


1828 -1 


1828 -6 


1821 -8 


1 


1822 -2 


1822 -0 


1816 -1 


4 


1815-4 


1816 *4 


1807 *8 


4 


1807 "5 


1808 -0 


1801 *4 


1 


1801 -4 


1802*1 


1793 -2 


2 


1793 -1 


1793 -9 


1768 -2 


1 


— 


1768 -6 


1750 -5 


10 


1750 -6 


1751 -3 


1727 *8 


1 


— _ 


1727 '2 


1721 *8 


1 


— - 


1722 -4 


1693 -5 


8 


1693 -4 


1694 -0 


1680 -8 


2 


1681 -2 


1681 *4 


1677-8 


1 


1678 -5 


1678 '7 


1674 '0 


3 


1674 -9 


1674 -5 


1657 -1 


7 


1657 *4 




1650 '8 


1 


1651 -5 




1566 -6 


1 


1566 '3 




1561 -7 


8 


1561-7 




1555 -3 


2 


1555 -2 




1540-1 


2 


1541 '8 





200 volts, a bright intermittent arc was produced. With good vacuum 
conditions in the spectrograph an exposure of three hours was sufficient to 
produce a well-defined spectrogram. The spectrum has been extended to 
about X 1216 A. IT. The results^ together with the corresponding values of 
Eder and Valenta,* and Handke,f are given in Table VII. 

8. Aluminium. — For purposes of calibration the aluminium spark in 
helium was photographed. Clear, sharply-defined spectrograms were obtained 
with exposures of about 10 minutes. As will be seen from the Table, no 
lines other than those given by Lyrnan,^ were recorded on the plates. Four 
of his lines were not recorded on any of our plates. Three of his values were 
taken as the basis of the dispersion formula for this spectrum and, though our 
values are somewhat less throughout the whole range of spectrum, the 
discrepancies probably represent the error of the dispersion formula. 



* Eder and Valenta, loc. cit. 
t Handke, loc. cit. 
X Lyman, loc. cit. 
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Table VII — Copper. 



Authors. 



Arc A.U. 



Eder and Yalenta. 



Int. 



KJ 

Spark A.U. 



Handke. 



Spark A.U. 



1999 7 
1989 -3 
1979 -3 
1944 -1 
1840-6 
1783 -7 
1768 -6 
1750 -2 
1741 -2 
1728 1 
1722 -2 
1711 '4 
1708 -9 
1705 -3 
1702 -6 
1686 -9 



,<7 

'7 
1 
4 

7 



1684 

1681 

1679 

1674 

1671 

1670 -0 

1658 -4 

1654 *4 

1652*0 

1642*1 

1639 -0 



•1 
•1 
•7 
•5 
•7 
•5 
•4 
•1 
•1 



1628 
1626 
1616 
1613 
1609 
1606 
1605 
1603 
1600 
1594 -0 
1548 -9 
1543 *5 
1537 '3 
1413 -4 
1437 5 
1432 -0 
1410 '7 
1385 *4 
1377 -1 
1367 '9 
1359 -2 
1346*3 
1216-1 



10 
5 
7 
2 
4 
1 
2 
5 
4 
1 
5 
1 
4 
3 
3 
2 
2 
2 
2 
2 

2 

2 

2 

2 

2 

5 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

4 

1 

5 



1999 -71 
1989 -20 
1979 -27 
1944-11 



1840-1 
1783 -7 



1 
•9 

'8 
9 
6 
5 




1769 

1749 

1741 

1727 

1721 

1710 

1708 

1705 

1702 6 

1686 -6 

1684 -3 

1681 -9 

1679 -0 

1674-5 

1671-6 

1669 -8 

1657 -8 

1654 

1651 

1641 

1638 

1627 

1625 

1615 



*1 

•9 
•8 
•4 
3 
•6 
•5 



1608 -8 
1606 -1 
1605 -4 
1602 -9 
1600*0 
1594 -2 



9. Cadmium, — The cadmium spark has been measured by Saunders* and 
more recently by MM. L. et E. Bloch.f In the region to \ 1707*04 A. IT. 

* Saunders, loc. cit. 

t MM. L. et E. Bloch, loc. cit. 
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Table VIII. — Aluminium. 



Authors. 


Lyman. 


Authors. 


Lyman. 


Spark A.XJ. 


Infc. 




Spark A. IT. 


Spark A.U. 

1759 -8 

1749 -8 

1745 -2 
1742 -4 
1724 -7 
1720 -9 
1719 -0 

1670 -6 
1611 -5 
1605 -6 


Infc. 

2 
1 

1 

1 

4 
3 

. 2 

5 
4 
3 


Spark A.U. • 

1760 '0 
1751 -7 
1750 -0 
1747 -7 
1745 -3 
1742 -7 
1725 -0 
1721 2 
1719 -3 
1718 -3 
1670 -6 
1611 -8 
1605 -6 


1989 -9 
1935 -1 
1930-5 
1862 -6 
1858 '3 
1854 '5 
1818-6- 
1776 -7 

1767 '4 
1765 ;5 
1763 -8 
1761 -8 


9 



4 
10 

2 
10 

1 

1 

2 
2 
3 

2 


1S62 -8 
1858 -2 
1854 -7 
1818-5 
1776-9 
1773-8 
1767 -6 
1765 -7 
1763 -8 
1761 -9 



our results are in quite good agreement with theirs, but below that, certain 
discrepancies occur between our results and those of Bloch, which are ; 
difficult to explain. There is apparently little similarity between the arc and- 
spark spectra of this element, and for this reason values of the arc spectrum: 
have not been included with the others in Table IX. The results show that • 
a slight extension of the spark spectrum has been made. 



Table IX. — Cadmium. 



Authors. 


Bloch. 


Saunders, 




Spark A.U. 


Int. 


o 

Spark A.U. 


o 

Spark A.U. 


1844-6 


10 


1844-9 


1844*68 


1808 -4 


1 


— 


— 


1793 -2 


5 


1793 -3 


1793 -06 . 


1789-1 


4 


1789 -0 


1789 -04 


1781 -0 


2 


— 


— 


1773 -2 


4 


1773 -1 


1772 -89 


1769 -0 


4 


1768 *8 


1768 '54 


J 747 -9 


10 


1747 -7 


1747 -77 


1721 '8 


5 


1721 -7 


1721 -76 


1707 -1 


8 


1707 -2 


1707 -04 


1678 -3 


1 


1678 -7 




1655 -7 


1 


1656 -1 




1651 -8 


1 


1652 -3 




1628 '6 


1 


1628 -5 




1605*8 


1 


1606-7 




1601-5 


2 


1601 -5 




1568 -3 


1 






1560 -9 

i 


1 

■ ■ ■ i 


• • 
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10. Lead. — The spark spectrum of the element does not seem to have been 

o 

previously measured in the region below X 1850 A.U., although the arc 
spectrum has been measured by several observers. The present work has 
extended the spark spectrum to about A, 1555 A.U. For reference the arp 
measurements of Saunders* are included in Table X, and it will be seen that 
our values are in good agreement with the corresponding lines in the arc. 

Table X. — Lead. 



Authors. 


1, — — ■ 

Saunders. 


Authors. 


Saunders. 


Spark A.U. 


Infc. 


Arc A.U. 


o 

Spark A.U. 


Infc. 


Arc A.U. 


2170 *8 
2060 -9 

1971 -9 
1958 -3 
1904 -6 
1898 -3 
1890*0 


5 

4 

3 

4 
4 
1 
4 


2170 -60 
2112*37 

2053 -83 
2022-64 

1904 -88 


1863 -0 
1822 -1 
1796 -3 
1726 -7 
1710 -8 
1682 -0 
1671 -3 
1554*8 


1 
10 
10 
3 
3 
7 
7 
3 


1868 -59 

1822 -06 
1796 -53 
1726 -71 

1682 -54 



11. Thallium. — The spark spectrum of thallium has been measured to 
\ 1814*72 A.U. by Saunders, f but no other observations appear to have 
been made. The arc has been recently studied by McLennan, Ainslie, and 
Fullerj and a considerable extension of the spectrum made. In the present 
work it has been found that some similarity exists between the arc and spark 
spectra in the fluorite region, but in addition to their values we have 
recorded some five new lines in the region below A, 1850 A. IT. In 
Table XI are given the measurements along with those of other observers. 

12. Tin. — Although the spark spectrum of tin has already been studied 
by Handke,§ and many- lines recorded in the range of spectrum down to 
X 1700 A.U., it was thought worth while to make a remeasurement of it under 
the different conditions of our experiments. Surprisingly few lines were 
found on our plates compared with the number given by Handke. The arc 
spectrum is much richer in lines than the spark spectrum which seems 
somewhat unusual. Our values are a little lower than Handke's but are 
in good agreement with the arc lines of McLennan, Ainslie, and Fuller. 
The results are given in Table XII. 

* Saunders, loc. cit. 
t Saunders, loc. cit. 

% McLennan, Ainslie, and Fuller, loc. cit. 
§ Handke, loc. cit. 
McLennan, Ainslie, and Fuller, loc. cit. 
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Table XI.— Thallium. 



Authors. 


Saunders. 


McLennan, Ainslie and Fuller. 




Spark A.U. 


Int. 




Spark A.U. 


Arc A.U. 


1908 -7 


10 


1908 *68 


1907 *8 


1892 -7 


10 


1892 -72 


1891 -8 


1881 -0 


7 


1881 -19 


■ — 


1871 -2 


2 


1871 -47 


— 


1837 -4 


1 


1837 -96 


— 


1827 -8 


8 


1828 '00 


1827 *3 


1814 '6 


10 


1814-72 


1814-2 


1792 -5 


7 




1792 -2 


1660-0 


3 




1660-0 
1653 '8 


1597 -0 


1 




— 


1583 -9 


1 




__. 


1572 -3 


2 




I 


1568 -8 


2 







1561 -8 


3 




1561 -8 ' 


1558 -9 


3 




1559 -0 


1538 -4 


2 




1538 -5 


1508 -0 


2 




1508 '2 


1506 -6 


2 




— 


1500 -1 


3 




1499 '8 


1492 -0 


2 




1491 *0 


1477 -2 


2 




1478 -0 



Table XII.— Tin. 



Authors. 


Handke. 


i 

S Authors. 

j 


Handke. 




Spark A.U. 


Int. 




Spark A.U. 




Spark A.U. 


Int. 




Spark A.U. 


1899-8 
1831 -1 
1811 -0 


10 
3 

8 


1900 -4 
1832 -0 
1812 -0 


1757 '3 
1699 -2 
1475 -2 


5 
1 

1 


1758 -2 
1700 -1 



V. Summary, 

1. The vacuum arc spectra of antimony, bismuth, calcium, magnesium, 
selenium, silver, and copper, and the spark spectra in helium of antimony, 
bismuth, aluminium, cadmium, lead, magnesium, thallium, and tin, have been 

o 

investigated in the region below X 1850 A.U. 

2. The measurements of the arc spectra of antimony, bismuth, calcium, 
and selenium, and the spark spectra of antimony and lead, appear to be the 
first recorded for these substances in this region. 

3. The work with the vacuum grating spectrograph has resulted in the 
extension of the vacuum arc spectrum of copper to about X 1216 A.U. 
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